A simple formula is developed to predict the sparking potentials of SF6 and SF6-gas mixture in uniform and non-uniform fields.
I NTRODUCT I ON
Out of a variety of insulating gases available, SF6 has been accepted as one of the best for the insulation of electrical equipment. The cost of SF6 being high, binary mixtures of SF6 with inexpensive gases like air, N2, CO2, and N20 have been under continuous investigation in order to arrive at efficient and economical mixtures useful in power systems. Such mixtures have a dielectric strength comparable to that of pure SF6 and at the same time can improve arc quenching characteristics of pure SF6 giving it better overall electrical properties. A number of measurements of the sparking potentials of these mixtures are available [1-7, 9-13, 17-19] and it would be useful to put this data in a handy form so that it can be used conveniently in practical problems of engineering interest.
There is a definite indication from the published data [5] [6] [7] that the sparking potential of a mixture is related to the sparking potential of pure SF6, but so far no correlation effort has been made. In [9] . Data of Gross [10] has been used for 64.413 kPa-cm. Breakdown data for SF6-N2 is available [11] gives 118.41 kV as the sparking potential of the mix-X ture which agrees very well with that published in the literature [3] . Calculated and measured [3, 9, 10] sparking potentials for SF6-air and SF6-N2 are compared in Figs. 2 and 3 respectively for different pd values and 21 the agreement between them is good considering that in some cases (Fig. 2 , 400 kPa-cm) measured values of breakdown of SF6 are significantly less than in [8] .
On this basis the sparking potentials of SF6-air and SF6-N2 mixtures can be combined into a single expression from Eqs. (1) and (2) Sphere-Sphere gaps, up to a cap less than their radii, spark approximately at the same potentials as uniform field gaps. While this is true in air, measurements by Howard [13] and a comparison of his data with uniform field breakdown [8] sh1ow that this is also true in SF6 but since SF6 and SF6-gas mixtures are strongly electronegative, their breakdown voltages are likely to be affected by field non-uniformities when sphere-sphere gaps are used. Data obtained by Howard [13] In the case of a coaxial electrode system having inner and outer electrode radii of Ri and Ro respectively, the field utilization factor 9 is given [11] by
ln R R-R.
R. 
The effect of field utilization factor can be evaluated by measuring the sparking potentials in uniform and non-uniform fields under similar conditions. Our calculations show that for practical use in a non-uniform field in which the field utilization factor is U, the sparking potentials can be obtained as a fraction 2 = U0'85 (8) of the uniform field sparking potenti-al for the same gap under similar conditions of gas and pressure. Thus Sphere-plane, hemnispherically tipped rod-plane and coaxial cylindrical electrode systems are usual'ly used to study the effect of field non-uniformities on the sparking potentials of gases and gas mixtures. They have been studied by Fiegel and Keen [14] and Russel [15] . Azer et al. [16] Fig. 8 in which our computed values using Eqs. (6) and (9) for various mixture proportions are also shown. As can be seen, the calculated values are in good agreement with the experimental measurements.
The validity of Eq. (9) up to high pd values of the order of 1800 kPa-cm and in highly non-uniform fields can be demnonstrated if we compare the results of measurements of rod-plane system negative corona onset voltages for various rod-diameters at quite high pressures. A comparison of our calculations based on Eqs. (6) and (9) with the measured values elsewhere [11] can be said to be in good agreement as seen from Fig. 9 . Much more information,however, is needed to understand the onset nature of corona and breakdown in SF6 and its mixtures to successfully apply this analysis and the example cited above is just to illustrate this possibility. [5, 9, 19] shows that Eqs. (3) and (9) It is to be noted [20] that this expression has been obtained from data available for clean and well polished electrode systems and cannot be used as is to predict the voltages for practical gas insulated systems with some degree of electrode roughness. In the future, however, when more measurements similar to those of Malik and Qureshi [20] become available, it should be possible to incorporate an additional term to account for the surface roughness factor in this expression. Their results also show that SF6-air, SF6-N2, and SF6-C02 mixtures have more or less similar uniform and quasi-uniform field breakdown characteristics for rough electrodes. Thus the above expression has an excellent potential of being used widely by insulation designers in systems.
The available data on sparking potentials is scattered and show variability from source to source. There is, therefore, a need for developing standard measuring electrode systems such as ASTM Seavey Cell [21] and test procedures to get more accurate data which will be helpful in improving empirical expressions such as those developed in this paper for the sparking potentials of new insulating gases and their mixtures. 
